Aim-To evaluate the possible relation between adenosine sensitive syncope and tilt induced vasovagal syncope. Methods-An ATP test and a head up tilt test were performed in 175 consecutive patients with syncope of uncertain origin. The ATP test consisted of the rapid intravenous injection of 20 mg of ATP; a positive response was defined as the induction of a ventricular pause (maximum RR interval) > 6000 ms. The head up tilt test was performed at 60°for 45 minutes; if negative, 0.4 mg oral glyceryl trinitrate spray was given and the test continued for a further 20 minutes; a positive response was defined as induction of syncope in the presence of bradycardia, hypotension, or both. Results-Of the 121 patients with a positive response, 77 (64%) had a positive head up tilt alone, 18 (15%) had a positive ATP test alone, and in 26 (21%) both ATP and head up tilt were positive. Compared with the patients with isolated positive head up tilt, those with isolated positive ATP were older (mean (SD) age, 68 (10) v 45 (20) years), had a lower median number of syncopal episodes (2 v 3), a shorter median duration of syncopal episodes (4 v 36 months), a lower prevalence of situational, vasovagal, or triggering factors (11% v 64%), a lower prevalence of warning symptoms (44% v 71%), and a higher prevalence of systemic hypertension (22% v 5%) and ECG abnormalities (28% v 9%). The patients with a positive response to both tests had intermediate features. Of the 44 positive responses to the ATP test, atrioventricular block was the cause of the ventricular pause in 43; of the 29 positive cardioinhibitory responses to head up tilt, sinus arrest was present in 23 cases and atrioventricular block in six. Conclusions-ATP and head up tilt tests identify diVerent populations of patients aVected by syncope; these have diVerent general clinical features, diVerent histories of syncopal episodes, and diVerent mechanism sites of action. Therefore, adenosine sensitive syncope and tilt induced vasovagal syncope are two distinct clinical entities.
Adenosine sensitive syncope has recently been identified as a cause of syncope in some patients aVected by unexplained syncope who have an abnormal response to an ATP test and a negative work up after complete conventional investigations.
1 Some investigators [2] [3] [4] have hypothesised that adenosine could be an important modulator in triggering a vasovagal response in susceptible patients. Indeed, the injection of a bolus of adenosine during head up tilt testing has been seen to provoke a vasovagal response in susceptible patients with syncope, with a positivity rate comparable to that of isoprenaline. 2 3 The ATP test has been suggested as a useful tool to identify a subgroup of patients at high risk of severe cardioinhibitory responses of vagal origin. 4 In the present study we evaluated the possible relation between adenosine sensitive syncope and tilt induced vasovagal syncope. To do this we performed both the ATP and the head up tilt tests in a group of consecutive patients with syncope of uncertain origin and compared the clinical characteristics of the patients who had a positive response to one or both tests.
Methods
In this prospective study, we performed head up tilt and ATP tests in 175 of 497 consecutive patients (fig 1) referred to our units for investigation of syncope between 1 May 1997 and 30 April 1998, in whom the cause of syncope had remained uncertain despite a standardised basic evaluation. This consisted of: a complete history and physical and neurological evaluation; baseline laboratory testing; a 12 lead ECG; ECG monitoring of at least 24 hours' duration; chest x ray examination; M mode and cross sectional echocardiographic evaluation of cardiac function; carotid sinus massage; electrophysiological study (performed in selected patients with structural heart disease or abnormal ECG, or complex premature beats 5 ); and further evaluation of any clinical or historical findings suggestive of the cause of the syncope. Patients with historical findings suggestive of vasovagal syncope or situational syncope and negative results in the above investigations were also included in the study and underwent both head up tilt and ATP testing.
In accordance with published data, 6 patients with the following characteristics were considered to have a definite or potential cause of syncope and were therefore excluded from the study: positive response to carotid sinus massage according to the "method of symptoms," as previously described 7 8 ; postural hypotension; conversion reaction; seizure disorders; transient ischaemic attack; subclavian steal syndrome; drug induced syncope; aortic stenosis; pulmonary hypertension; hypertrophic cardiomyopathy; arrhythmias (sick sinus syndrome, symptomatic supraventricular tachycardia, second or third degree atrioventricular (AV) block, ventricular tachycardia of more than five beats); and generally accepted abnormalities in the electrophysiological study. 5 8 In order to avoid possible confusion in the results of the ATP test, we also excluded 26 patients who had minor electrical abnormalities of impulse formation or of the conduction system (sinus bradycardia < 50 beats/min, first degree AV block, bundle branch block) or were taking drugs that could impair atrioventricular conduction properties or have potential interactions with ATP (digitalis, blockers, calcium antagonists, antiarrhythmics), or who had already received a pacemaker at the time of syncope.
ATP and head up tilt tests were performed in that sequence during the same day in order to avoid possible daily variations in the clinical conditions, with a time interval between tests suYcient for full recovery of the baseline conditions. The ATP test was performed first as, owing to the very short duration of eVect of the drug, it was unlikely to aVect the results of head up tilt test.
ATP TEST ATP (Striadyne, Wieth, France), 20 mg, was dissolved in 10 ml of saline solution and injected very rapidly (< 3 s) into a suitable antecubital vein with the patient in the supine position. No cannulation was used. Continuous recording of the ECG tracing and noninvasive beat to beat arterial blood pressure by the Finapres method 9 10 were performed during, and for two minutes after, drug administration. It is well documented 2 4 11-13 that the maximum bradycardic eVect following a bolus of ATP usually occurs after 10-20 seconds (which is the latency time necessary for the drug to reach the heart); this persists for up to 20 seconds and is followed by sinus tachycardia for up to two minutes; hypotension occurs during and immediately after the bradycardic phase and is sometimes followed by moderate hypertension. Facial flushing, shortness of breath, and chest pressure are frequent side eVects, but, owing to the rapid deactivation of the drug, these are transient and well tolerated by the patient.
For the purpose of the study, we evaluated the longest RR interval and the maximum drop in systolic blood pressure; this was defined as the diVerence between the value observed immediately before drug administration and the lowest value observed after it (excluding that of the first two beats following the prolonged asystolic pauses). A positive response to the ATP test was defined as the induction of complete AV block (or sinus pause) with a ventricular pause (maximum RR interval) of > 6000 ms, which corresponds to the upper 95th centile of the distribution of values of a control population of subjects without syncope.
HEAD UP TILT TEST
Patients underwent the standardised protocol of upright tilt testing with glyceryl trinitrate challenge currently used in our department for the diagnosis of unexplained syncope. 7 8 14 This consisted of 60°tilt for 45 minutes or until syncope occurred. If the test did not induce syncope, 0.4 mg oral glyceryl trinitrate spray was given while the patient remained in the same tilting position, and the test was continued for a further 20 minutes. During the test, the beat to beat finger arterial pressure was monitored continuously by the Finapres method. Positive response was defined as induction of syncope in the presence of bradycardia, hypotension, or both. A cardioinhibitory response was defined as the induction of a pause of > 3 s. Mixed or vasodepressor responses were defined when hypotension occurred without a pause of > 3 s. The diagnostic value of upright tilt testing with sublingual glyceryl trinitrate provocation has been validated before, showing a 51% positivity rate in patients with unexplained syncope and a 6% false positivity rate in controls. 14 
DEFINITIONS
A history suggestive of vasovagal syncope was considered to be present if a precipitating event such as fear, severe pain, or instrumentation could be identified. 6 A history suggestive of situational syncope was considered to be present if syncope was clearly correlated with coughing, micturition, defecation, or swallowing. 6 The following circumstances were considered to be possible predisposing factors when syncope occurred in their presence and was clearly correlated with them: staying in a hot overcrowded room; a large meal especially with alcohol consumption; prolonged standing; and following exercise. 
Results
The recruitment process is summarised in fig  1. Of a total of 175 patients undergoing ATP and head up tilt tests, 121 (69%) had a positive response to one or both tests; the final diagnosis remained unestablished in the remaining 54 patients (31%), who had a negative response to both tests. Head up tilt alone was positive in 77 patients, ATP alone was positive in 18 patients, and both tests were positive in 26 patients ( fig  2) . Thus a positive response to the head up tilt test was about four times more frequent than a positive response to the ATP test. An overlap was present in 21% of patients.
Owing to the diVerent prevalence of the two forms of syncope, about one quarter of the patients with tilt induced syncope also had adenosine sensitive syncope, whereas more than half of the patients with adenosine sensitive syncope also had tilt induced syncope.
The clinical characteristics of these three groups of patients are compared in table 1). Compared with the patients with isolated positive head up tilt test, those with isolated positive ATP test were older and had a higher prevalence of associated diseases. However, when corrected for age, the presence of structural heart disease was no longer predictive of a positive response to ATP testing (MantelHaenszel 2 test: p = 0.77). Moreover, the patients with isolated positive ATP test had a very much shorter duration and fewer syncopal episodes, a lower prevalence of situational or vasovagal episodes, and a lower prevalence of triggering episodes; the onset of syncopal episodes was more often abrupt, without warning, and usually occurred in the standing position. The patients in whom both tests were positive had roughly intermediate characteristics. They diVered from those with isolated positive head up tilt with regard to age, sex, and associated diseases, and had a lower prevalence of vasovagal, situational, and triggering factors. On the other hand, they also diVered from those with isolated positive ATP test with regard to age, number and duration of syncopal episodes, and body position at the time of syncope occurrence; moreover, there was a trend toward a higher prevalence of vasovagal, situational, and triggering factors.
Of the 175 patients who underwent ATP and head up tilt testing, 61 had a history of vasovagal or situational episodes and 114 did not. Head up tilt was more often positive in those with a history of vasovagal or situational episodes (67% v 54%, p = 0.07), whereas the ATP test was more often positive in patients without a history of vasovagal or situational episodes (31% v 15%, p = 0.01).
THE MECHANISM OF POSITIVE TESTS
Atrioventricular block was present in 43 of 44 patients with a positive ATP test; only one patient had a positive response caused by a sinus arrest of > 3 s. A mixed or vasodepressor response was the most common response observed during the head up tilt test, occurring in 74 cases. Among the 29 cases with a cardioinhibitory response during head up tilt, sinus arrest of > 3 s was more often observed than AV block (82% v 18% of cases, respectively) (table 2). Among the patients with positive ATP test, a positive or negative response to head up tilt did not influence the type of response to ATP. Similarly, among the patients with positive head up tilt response, a positive or negative response to ATP did not influence the response to the head up tilt (table 2) .
Discussion
The main conclusion of the study is that ATP and head up tilt tests identify diVerent popula- This is an uncommon form of syncope, four times less frequent than tilt induced vasovagal syncope. Indeed, in the present study it accounted for only 3% of patients referred for investigation of syncope and for 24% of the patients with a negative work up including head up tilt. These figures are similar to the 3.4% and 28% rates, respectively, observed in our previous study. 1 Adenosine sensitive syncope first manifests itself in old age, though it occasionally occurs in younger patients too.
1 By contrast, tilt induced vasovagal syncope can occur at any age; typically it begins in the teenage years and there may be a long period of life without recurrences. 15 This explains why, in the present study, we found a great diVerence in symptom duration and in total number of syncopal episodes between the two groups of patients. There is a female predominance in adenosine sensitive syncope, 1 4 but the reason for this is unclear. As the attacks nearly always occur in the standing position and warning symptoms are frequently absent, loss of consciousness often results in falls that cause injury. The lack of historical findings of vasovagal or situational episodes and the absence of triggering factors (as defined in Methods) characterise this form and clearly diVerentiate it from vasovagal syncope. However, advanced age, female predominance, sudden onset, and frequency of trauma also diVerentiate adenosine sensitive syncope from truly unexplained syncope (ATP and head up tilt negative). 1 The clinical presentation and ECG manifestation of adenosine sensitive syncope mimic Stokes-Adams syncope complicating AV block. Indeed, the ATP was able to reproduce a spontaneous episode of paroxysmal AV block in patients who had a fortuitous ECG recording of a syncopal episode and in whom all the conventional investigations (including electrophysiological study) were unremarkable.
1 In both induced and spontaneous AV blocks, the onset of block was abrupt and was not preceded by other rhythm disturbances or sinus bradyarrhythmias. By contrast, when a spontaneous cardioinhibitory neurally mediated syncope was recorded, the pause was caused by either sinus arrest or AV block (as during head up tilt) and it was usually preceded by other bradyarrhythmias. 8 Other than in patients aVected by adenosine sensitive syncope alone, the ATP test is expected to be frequently positive in patients with vasovagal syncope, and ATP has been shown to be capable of triggering a vasovagal reaction in susceptible patients. 2 3 In our present study, about 25% of the patients with tilt induced syncope also had adenosine sensitive syncope, and the ATP test was positive in 15% of the patients with a history of syncope suggestive of a neurally mediated mechanism. The clinical features of the patients who had both positive head up tilt and positive ATP tests diVered from those of the patients with tilt induced syncope alone and from those with adenosine sensitive syncope alone (table 2); thus these patients had clinical features that were atypical of both the vasovagal syndrome and adenosine induced syncope. This suggests that in this particular population more complex, multiple mechanisms are responsible for syncope and that syncopal attacks can be caused either by a vasovagal mechanism or by an adenosine mediated mechanism, or both.
MECHANISMS OF ATP AND HEAD UP TILT TESTS
ATP and adenosine are released from myocardial cells under physiological and pathological conditions (for example in the case of myocardial oxygen supply-demand imbalance) and have similar eVects. The negative chronotropic and dromotropic action of ATP is caused by its rapid catabolism to adenosine and the subsequent action of adenosine at purinoceptor sites. 11 12 16 In this study the cardiac eVects of the ATP and head up tilt tests were quite diVerent and independent of one another, the atrioventricular node being more susceptible to ATP and the sinus node more susceptible to head up tilt (table 2) . This is in agreement with the view that the sites of action are diVerent: membrane purinoceptors for ATP and muscarinic (acetylcholine) receptors for the vagal outflow induced by head up tilt. 11 12 Nevertheless, the fact that a positive response to both head up tilt and ATP was found in 21% of our cases suggests that some common physiopathological mechanism is present (table 2) . Indeed, although the receptors are diVerent, the cardiac actions of adenosine are remarkably similar to those of the neurotransmitter acetylcholine. Both acetylcholine and adenosine produce the same eVects and share similar receptor-eVector coupling systems, resulting in the activation of a specific outward potassium current (IK Ach,Ado ) from the target eVector cells. Moreover, a major role of acetylcholine and adenosine, in addition to their direct eVect, is to function in parallel to oppose the cardiac stimulatory action of the sympathetic neurotransmitters noradrenaline (norepinephrine) and adrenaline (epinephrine) on adenyl cyclase (cAMP dependent eVect). 11 12 Thus adrenergic, cholinergic, and purinergic outflows are integrated at the level of the receptor-eVector coupling system, and the final cardiac eVect results from the sum of these excitatory and inhibitory eVects. A practical consequence might be that vasovagal syncope could be facilitated by an increased susceptibility to adenosine, and that adenosine sensitive syncope could be facilitated by an increased vagal outflow.
The cause of the hypersensitivity to exogenous adenosine found in the patients with adenosine sensitive syncope is not clear, as we carefully excluded all those patients with manifest or subtle AV conduction disorders or who were taking drugs that block AV conduction. There are several potential explanations for the observed increase in susceptibility to adenosine: increased density of A1 adenosine receptors in the AV node; increased coupling efficacy of the receptors; increased density of IK ado ; increased release of adenosine (that is, increased interstitial levels of adenosine); decreased degradation of adenosine; and the presence of constitutively active A1 receptors in the AV node. 12 Nevertheless, we cannot exclude the possibility that unknown AV conduction abnormalities not recognisable by means of standard clinical and electrophysiological evaluation, or a non-specific susceptibility of the AV node to diVerent triggers (for example vagal hyperactivity, as discussed above), could account for hypersensitivity to adenosine.
